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(57)Abstract: 

PURPOSE: To facilitate adjustment of contrast by driving a liquid crystal 
panel with less kinds of voltages and independently adjusting a common 
voltage and a segment voltage. 

CONSTITUTION: First and second common voltages VO, V4 symmetry 
to upper/ lower around a common central voltage V2 are generated in a 
common voltage source, and further, first and second segment voltages 
VI, V3 symmetry to upper/lower based on the common central voltage 
V2 are generated in a segment voltage source. 
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Vl/O&lftR 1 . R2(Cj;-D-r^JEVDD<i:VEE©* 

anwtws-cia^ri/^A i nc^ent 

-/>b'-^>X^3nT, 3*>*i|>*EEV2 4Ur 
9-/>3 2*6*WSft*. 7-f>2 9. 3 0©SmEE 
VDD, VEEii. 3*>f 1^12^0, V 

i*«3 3*WL. ^i®Is]8S2 4©^EEVDD. VEE&C 



(6) 



mmm i o {*,;„etaR 2 3 tc«Eft-c> 3 a -c«. 

^ffi (V2+R23 • I 0) £{#&C£#-C#. C<£>SI 

[0 03 1 ] HttifitiS3 5=fc^fiSt^S^r>^A 1 * 

VI = V2+ (R2 3 * I 0) 
V3 = V2 - (R23* I 0) 

cct? 

R24 = R2 5 
[0033] IMOmm, *J«fcO'JWTK^^UiW{c*j 

s. 

[ 0 0 3 4 ] *^icfi£^.«. »mS^jJS3 3<Dffl^m 
ftl 0£^T£C£*n?#Scfc^tJ#j&£ft.5 o Cti 
Wotn^ wiev 2 zmm t L- fc±T*f*fctc -fe 
y^>hmiteJ:a j m2SEV 1 , V3Mt^Ci 
an?**, cntcj:-,T3> MHBEfcgSKffSc 
i^T^S. 20 

[0 0 3 5] 06«. »»®S?S3 3©^)i£?:7n-r*<* 
^mMlHlSSH-C*^,, CCD»?SI^®3 3«. 
*A«>F^*»:7^*B:W3 6©Utf!j«BEVa*. MBft 

I 0 = Va/VR 1 3 

c c ~crt> h*¥ +• ? ^mras 3 6 ©m^j^jiv a 

[0 03 8] h7>i^X^Ql 0£ffit/iR2 6«j|28&@ 

ssr^o^ saivc c^fln^^i. istaR2 6tcj:f)^ 30 

*£S?iiU 0 1%F7>^^Q1 0^-rcifCj; 

CO-i-XSifc I BSi. h ^>>>X2Q 1 1 , Ql 
2, Q 1 5 #>6J&£>:*7 U> h 5 -7— @8§CD-<— ^®S£o 
£*) h7>^X*Q 11. Q 1 2. Q 1 5<D-<-XSdiJ 



- 1 8 4 8 0 6 

10 

3(Ctt. ffifciR24. R2 5^Stl4. CO^S&if 
ipIS3 5(C«, 7^>3 2©3^e>4>'^*EV2 i-fey 

>HSl«!EV 1 £«&tt#j£©-lr?V> HB2WEV 
3 5rPSCi*srt-5„ 
[0 03 2 ] 

• (3) 
... ( 4) 

• (5) 

£3 1>\ 7-f>38* 6liutf}©&il&£ 3 4 icJ^n-S. 
CCT?A> v7Jg.nKW.3 *g£tR2 6~R 
28ih7>i/^^Q10~Ql 6^*, 
£Q 1 40i? £fflH«. h7>yx$Q13(Dl5 
f # BStOfeiAtf 1 OfgtCjititl. C© h r>Zs¥7.% 

miR 2 8 tt. jgftR 2 7 ©Staffi© 1 0 {g(Ciltf ft 

s. 

[0036] MttlHlS83 7 ffitaR 29i, mii£©nj 
^ffiftVR 1 3 <!:. h7>yx*Q17-Q2 0i, =« 
>f r >tJ-3 9 i**tf. I OiCMOT. 

[0 03 7 ] 

- (6) 

&>. F¥ + ?£*EE8R3 6 jOWPTS. 
[0 03 9 ] h7>y^?Q13ih7>^i!Q14 
tel : 1 0©h^>5?**«©JfcT«Ji&3ftT:b»). #> 
I asftEftS/cifc, JgtaR 2 7 OfflgCcttA V© 

[0 04 0] 
[&1] 



(7) 



11 



ftm¥-8 - 1 8 4 8 0 6 
12 



AV = VBE(Q13)-VBE(Q14) = —1 n-j-j£n| = ~ 1 

q I (Q14) q Q13 



(6a) 



11 = " in SK ■••<»> 

(R2 7tf)®ffciI£R. R2 8«IilORtt5) 

Va = VBE(Q16)+10RX I 1 = VBE(Q16) + 10 • Rx— 1 n^x|- 

q Q13 R 

kT Q14 

= VBE (Q16) + 10 x — 1 n^rr 

q Q13 



d Va d 



dT 



— VBE(Q16)+10X^ln^i 



= 8.6 xl 0" 5 V/* K 

k : tfWiyfem. 8. 63X10" 5 eV/' K 
q : WffiM.^ e 



(6c) 

(6d) 
(6e) 



[o 04 i ] ±faj;o. imm&VBE<DU&i$mm-2 * c©<h#©m+jiiEVate5$6 ctcj:^ 

mV/'C, 2^g»^j+2mV/°C-C&-S^6. PPStt 30 [0 04 2] 

♦ffi*LT«£«»ttO&fc»). fiaWtC^SEttWEitt* [&2] 

kT QU kT 
Va = VBB (qi6)+l OX— 1 = VBE <Q16) + 1 OX— 1 n 1 0 



= VBB (Q16) +0.596 CVJ CT=300' K£fVJ 
= 0. 7 + 0. 596^1. 3 [V) 



[0 04 3] 

[0044] £fcg»[I!S&3 7«, *^T>7'-C*S 0 
[ 0 0 4 5 ] H 7 «. *IPJ©flk©fli60!l©?&!lig8ilffl 40 
®®2 1 A<Dft^&tJ%^?r^-rsm[51!80r*-5o ^ 
*IS[5|Sg2 4©UJ+jHEEVDD. VEE«> 7>f>29, 
3 0F^-Cil[^Jfi!aR2 1 ~R 2 4 KJ: oTfl-JESft, € 
©if><£4 0<Dlfflit^7>7'A 1 9 T-^>t- 

fifcR2 2«. pJ^iSft-C&O. *<0JKaK:J:- 3 r»6 

n-5.mEE«^r>7-A i 8tc^^.6n. ctiKi^t 
*y^> mbiwev iabiiiBS4 i 

*-<T>-7 - A2 0 <hffitnR3 4, R 3 5 (C<fc -,ti 
n^r>ctJ^EV2 itf^T^'A 1 8A>6(D SO 



<6f) 



•b^»hfisEviim6nr 1 ^-ne.©^© 

^JI (V2-V 1) 2H-fe^> h^2miEV3iUr* 

man*. 

ns^igiftffl^2 i bw:. mmomi ommmim 

«U tflS-i-SWafcttlSI-©*!!?*****-. isrksjs 
R 2 2 ©tfJ^SJEtt/^ s» V r 4 3 ^iST . IKttf9MS4 

4 k^*. en. * /c & 5 i -rxDiawMBs 4 5 k^*. e 

n-5o M«l*t*iS4 4». ^7>7'A2 2 iffitnR3 
6. R3 7 4CcfcoTH3!;*tt£„ MB&tfiPi&4 5 «. * 
^7>^A2 3 i!55xR3 8. R 3 9 (C J: iXmMZtl 
S. ^!«jifiHS4 4. 4 5©y-f>*t35£T£&}gCiR 



(8) 



13 



1 8480 6 

14 



* [0047] 



(7) 



3 6-R39B. •■Xom&miLTZxZ'jlCfeltobln 
■bo . ji * 

(R36+R37) /R36 = R39/R38 

SEV 1 tmS£V3Wm£V2tcmsX_kTmmttfo [0048] 

A 2 2 4 KIEifUigT * £ * * T > 7* A 2 3 ©^ 

^T>'7 , A2 2^>aij]Vl= R3 ^t^ 3? AV + V2 - (7a) 



R36 

WvrA2 30aS*V3= - A V + V 2 

R36+R37 R39 



(7b) 



R3 6 



R3 8 



(7c) 



[0 04 9] tfi&KittS. 

[00 5 01I9B, 4&>B®ffi®£tlHn®ffiHIBttffi 

SEiS4 7B > 3*>tj:-C'lffV2^L, ^-©rJ^: 
><f't»«EV 2 £tM>£ tr±T(c-fe if* > hSS 1 «E 

v i t-tifjty h$2*EV3 <h&-c-4v?tift£-$-&. 

C©3*>cfM>SJEV2©±"Rc. *>o-fe > MS l 
fcJ:0*^2mffiV 1 . V3 4jH*.*:a*:/*l*BEV0 

[00 5 1 1 H 0-cb. nmm$&2 4*65-04 9 

». 1^I5 0K, »mm«55 ltfffiRSft. ^ti6 
OSttlS 5 2 Ktt. ^©/^©ifi^JtS-EaR 4 1 ~R 4 
3 tf&R § ft* . c ft h<D9S*& 5 3~5 5©SH1^ 
li> ^7>7"A2 4(Ccfc->-rn^:>tfi^)£V2*5f# 
6ft. 3ifc^7>7A2 5, A2 6ta-,T-b^> 



★ 5. 



[0 05 2] 3?.{CP*>«Jiag4 8-C«. £Bb*ttM8 
5 6«t4t'<7>7 - A2 7<bJStiiR4 4, R4 5 
{C<fc->TH3I3*1. n*>cfi^miIV2 4-fe^>hm 
21EV3i^e.lit, 3*>^imiEV0*s«tB 
20 3 ft 5. fc^ 1 o©^SbifipIS5 7 5*. ^7>7A2 
8£J6taR4 6. R4 75Cj:o-Cil3n6. C©^lb 
JWI85 7K:t£. =i*>4i^SEEV2 i-fe^^O h^l 
®3EV 1 £jWt6ftT. =i- ; e>^2miEV4^f#6ft 

[0 05 3] »JS«E?®5 1 tt. ««BIIS2 42»6©m 
EV c cfe-t^MEGND^ent, S^MJE 
VA^5Ci*i-Ct4. *g£tR4 2, R4 3©*fflfiffi 
B#K. 26(C*fcffi5xfflR4 1-R4 3©&fgt/iffi 
B£t^o<t*>J:< . c5t,-clBttj*i5 4K:tt. mm 
30 «EEVA©tft£«JI#. 3*>^1EV2 £GTf#6 
ft£. ccritiij*©^ 2 MS»*fi&igg5 6, 

57©y-f>*G56. G57it4i, 
- (8) 
• (9) 



MS 1 *5<kUmzmKV 1 . V 3#±TiC*tfaScf#e>ft* 

GA56 = (R44+R45)/R44 
GA57 = (R46+R47)/R46 
CCT. 

R4 4 = R4 5 - (10) 

R4 6 = R4 7 - (11) 

GA 5 6= G A 5 7 •• (12) 

0 o T3*>SJH 2 ^EEVO. V 40-frt. CftiC J: o Tsuid!©^ 1 fli^T* 

4B, S13, 1 4#JjW£fiI<ht,-tf# SCiOT -ft [0 054] 

V0-V2 = GA56* (V2-V3) - (13) 

V2-V4 = GA57* (V1-V2) - (14) 



®i ib. mmmE.m5 1 <om»^cmfS.^-rmm.m 

ZA*^3ft. »Ri£5 2«>6. *iSSJIVA*s«Ui 
SftSo 

[00 5 5]I12tt, *^©ffe©IUg^©aig1iE 

j®5 1 A©#W*Wfc«fiS*5Vr*«@BHr*S. c© 
Hi 2Kij*3ft&«jiR«. Bfra©06(c^5ft^^fij(;(c 



50 



SHKU WiCrsaJ^KBIBI-©*^*^ 'OF 
+ ? ■7jg.nK.M3 6 ©m^«HV a B. ^»[hI8&3 7 
(C-^*6ft. C©MttlHlS§3 7(C$$ft^, 
Q2 0©x5 y^*6^tUSft-5>ttl^«EVA*if#6ft 

h7>^3?Q2 0K^3ft£ifiSWgffiR4 8, 
R4 9{CMiib-C. ^*5fi5uZ:-r-5>o 
[0 05 6] 



(9) 

15 

VA = (R48+R49)/R48*Va 



&ffl¥-8-l 848 0 6 
16 
(15) 



,o t - + > v q;%^SM3 6 ». m&<D® 6 icmMLX 
<^&o HK)[hIS§3 7(C*5l,>r. h^>^X5?Q 1 70^ 

R4 9£/fLT:Hta3*rC<,>&. *^T>:7"©MA7J«: 
V a 4&S <fc«5 icMM&frfr-oX^Ztctb. h =y ZsV>X * 

R48+R49 



* #Q1 8©^-X1IE«>Va4ft>^ C©HE#ffitaR 
4 8iCjM»-3-Ct,>-5 0 WcAi-.t, WTj^EVAfcMgln 
R4 8 4 R 4 9 4©tfc-C&?e-r£fc#\ 
[0057] 
[&4] 



ffi^BJEVA 



R48 



Va 



[0058] 4&£. 10* 
[0 0 5 9 ] iitr&O^JfcWcfctt&VDD, Vcc», 

[ 0 0 6 0 ] H 1 3 «. #%38©ftfe©^lJ6#)©1I»|5|ifg 

*ttc©30iWt?tt. JSttWiS5 8«fR^6n. en* 

R5 0 = R5 1 

[ 0 0 6 1 ] H 1 4 «. #f69!©flk©3Qfeffl©S£i|5|Bg 

C©j«aigStiffl®B(«. ilOK^tiill 20 

4fcA©t i/y> H 1 fc i ^ 2 Iff V 1 , V3(t 

1*. ny vtr¥kWB&&2 4KtJ»51ffVDDi L/ 
THH.U £fc-fe£'.>t>h&2*£V3«. P^9^jR 
«*2 4©SBfc*EGND4t,T#liJ"r*. C©fc#> 
CC V aMj55 2<C4stt£SqUIEK5 l©a^lSffVA 
tt. Jg!nR5 2, R5 3&cJ:o-t#E3ft, 3*>4M> 30 
lffV2*s, *^T>7 , A2 4#>6i£tii3n&„ 
EVA», *«^T>f A3 0{C#it6nr. -fey^>h 
HSffVliltffllr^hi. *©fl&©«liStt. Mi* 
©H 1 0©*II.W4BI«r**. 
[ 0 0 6 2 ] H 1 5 «. #&BJ©3 6(Cffe©Hte^©jffi 

©h i o«c7j*3fts*aEW5 oisk-awgnsms 1 * 

««U WSB882 4*6©Hi*«BEVe c*. 40 
ig|nR5 4£fflt,vr > #Et6SiR4 l~R4 4 4©&i&* 

V 1 = V2 = V3 

$fccn«:j:oT^abii*iS5 6. 5 7©a*mEEr* 

■S=J*>^l*jJ:O*^2«EV0, V4i$fc, 
«W>«EV2 4R|— tt4fc*. femt&t. §lffV0 
-V48, ©n*>if't»«EV2K:*L<<c 

7$ If, *fc^©?B©S*%B«^fr-5Ci*irt-5 
4tO«ftad»*&sitsR3ttS. -e©flfe©«fi5c«. mta? 
©^J&6#I4|bI8It?£>.5>„ 50 



- (15a) 

»^7>yA2 9 4ifi5xR5 0, R 5 1 4#>e>J&9 . 
3*>tfi^«EV2«CML,TllK>iiifig5 7*6©3* 
>*2«ffiV 4©*tt*JjSaS3n3t3*>!U 1 HEV 0 
*»»6ns. fi!ftIl4 7*i»J3CJ«>t4TSC4K:«fc- a 
T, fe<fcD t I21ffV0, V4©|3s^E£— 

»{C»H8-r*Ci3&J-r**. C©£i*MW!tfi|iIi§5 8© 
y-f>?rlil/, ^©/c*(c 

- (16) 

r£5 9ft>6. 2S«HBEVA*».5 D C©l$lffVA 

fHEEJE$tR4 1 ~R4 4tCj; oT^E^tiT. «E 
V0^V4^3&£tbOT4|BItKCC&6ft&. cvmis, 

[00B31B16B. #^©3 6Ktt©S8fc«©jK 

t^n^itw. c©n«50!i«Btra?©Hi(c^3n 

SSOWKcSHHU »Jfri-&SR»t*EI-©*jratt*fl- 
t. co^flWicfc^tli, « 0 |^ji,2 5©S^* 

7 L/-rit»f-rsfcJi>©a^*7ft-9^iHi5S6 otmtt 

6ti£>„ 

[ 0 0 6 4 ] H 1 7 H16 CC*%3 ft&ffijUMMitt 

M2 i<oMimum^7jkrmmMmm-c$>i>. c©n 
T4*»Ktjei-©#MaF*ttT. c©H]tewi-e«. 

^>h»l*$«fcCX02SEV 1 , V3KJHftr*#E 
ffiSiR4 l~R44©m*6 1 . 62R8£. ?>4v* 
>^g-C*SF5>yx$Q2 1, Q2 2*5gi?h 
£. Cft6©h 7>^X£Q2 1. Q2 2(t atm*? 

(CtotlUn^. h7>i/X;SQ2 1, Q2 2*5f 
isnscticto-c, 3Mfe£6 1 , 6 2#3©&3ft£ 

- (17) 

[ 0 0 6 5 ] H 1 8 H16 ©HflStWcfctfSifofllg 
tt/B®K2 l ©JWfctt&flf/ifc&Tn-r^n 9 4/H-e*^. 

COHJ&t&J-Cfct, ^?®I1SS2 4*iP,©W7jmEV c c # 
5-(>4 9#>6#EStnR5 6. R 5 7 (C^?>nt8 
iS*6 4*>6tt. *^T>7*A 1 9£/M,THE#«ffl 

3 nr. 3*>cf^EV2*sf#e>n-s. c©3^>4> 

^lffV2i!iW?.ni.7^>6 5tt*fc. -tryy>h© 
fc*©pJ^Eia8S6 6 4 3*>^S©/c©©oJ^E 



(10) 



17 



0886 7 6*1 -S. &DjgmEElliJg6 6, 6 7 * 

>6 5£&«S£®fci8(6 8. 6 9 i©PIKB, SKR 5 
8, R5 9#^ft-eft&i&<*ft> CtUCJcoTSiSHifc 
a^tSftSCitCj:-^ 7^70, 7 1©^JI# 
XftStlSCifcfc*. oJ^ffilllK6 6^67'( r >7 

OGcefmsi-i-smjitt. t^ryy' A3 3 ^Itat> 

9llEV0iLT^6nS. & 5 1 -3<DoJ^EEia 

A3 2*/M^t:^i-fe^>hmjEvi£brfflc^n io 
[o o 6 6 ] mmgmmi 2«. 7>f>6 5*e>©3* 
SEvoi^ien, (V2 -vo) 

JC&-r£3-*:>^2^ffiV4*|££-!r£„ C©M8friflPISI 
72«, ^-^T>7 , A3 4<bStn;R6 0, R6 1CC.J:-? 

[0067] 7-<>6 5©3*>i4m>«IEV2 t-bi?M 

> MUlUJIV 1 itt. 2ttJfie87 3(c4i6n. C 
tt«:J:-?T-€-*T.6©e (V2-V1) ICtt&tZ-tet/si 20 

> HfS2mjIV3#«tH;*;h,.5„ £fl&JtM87 3tt. * 
^r>7"A3 5 £|gtnR6 2. R 6 3 (CJ: oT£3I3tl 

* 

Va 



I 0 



VR13 



#H¥8- 184 80 6 
18 

[00681 019(3:, B18 iCtjkZtlZ aJ$ZmEMffi 

6 6©jM*w«c«wi*^-r«suaBiar*4. e©nras 

HEEHSg 6 6 « , ■ mm<Dm 6 ©SWSifttttCSHK u . *f 

^SflfCtf, IiSlSiS6 8tt, bu^©0 6©«^£|5I 
itic. /<> K+> 9 ^MmS.M3 6 i^S&@8S3 7i4 
7-f>3 8tt, ffitSR5 8«^-LT3«»tM>« 
EEV2tf^£&ti&9<r>6 5tc&K3ft&. cut 

mutt i o (cttff-rsattR 5 8 <DwmwEtc*ti& lx . 

5-Y>7 0 4C«. 3*>£in*EEV0#ctitf;3tl&. 
[ 0 0 6 9 ] ^ifrHISS 3 7 tt. ^T^T-Tftot, tf" 

Ql 7iQl 8«M»A**f*^L/TfcO. hS>5* 
^>Q17©^-^*SKWJ. h7>^Xi!Q18 
©^~xa*K$KX7j£&9» h7>^jiQ20^t 
Tm#£Q 1 8©^-X(c«jlLrc^©*'Ji'7 i -^n 
TOSSt^-pT^S,, OS 0> F5>^i!Q180< 
-:*©mEE6Va£tt&. l/7c#oT\ JgtnVR13© 

W8fcBiEVaii*"*»), ecri^stiSHWr** 
i 0Bh7>yx$Q i 2?r/rt/rm^?iirc^ 0 

[0 0 7 0] 
CSK53 



(18) 



as7j«ff vo 



I 0 XR58 + V2 



R5 8 
VR1 3 



Va + V2 



(19) 



[0 07 1 ] mtnVRl 3*n^-rs£w^m 

[0072] mm*?m^mi®m o*»&*4>e 3 

*7>-f4*S*7fifB. 3UBlBI&3 7©liJ3HBtaVR 
ffc±T4£S«CH:. pf^StnVR 1 3 ©ffitrtffi**8fll 

l^EEVO £3gL< ft*. 

[007 3] *|»g(D3 e>ttffe©IU60!l£ It, Sift I 
i>X£Q2 4#Si£frx6>*l£ <> COh7>yx$Q24© 

H9>5***Q1 5*aH*rLT. HttlEVatf, "J* 

3 7<DljjgI 0*s«£ft«3. JbiB&HI«K::3*>||Jl« 
EV0*<=J*>*'i:»SEEV2£^U< &S. Cti(CJ:o 



30 

[0 074] t>51 o©Dj^mEEHIIS6 7 t>*fc s 
7B$tCtt-te^> M lteJ:[>*I21EV 1 . V3«. 

[0075] 02ob, #*5i©— nmmox^Tyy 

A 1 1 ~A 3 4©ft(*Wtt«teS*^r«SHaKH'r* 
?> 0 C©*^T>:/tt. HttlBllS7 6 £W^ia8S7 7 £ 
£^t?„ Mtt0SS76«. h7>y^$Q26~Q32 
£JgtnR6 5~R6 9 2-50A^Sf7 8, 7 

40 ffi^IBI3g7 7« > h7>yx$Q34-Q 

40£{t&. S6KJSI»iR7 0~R7 2*«*..5. 36 
!C3>f>D-C2ASIie 1 h5. ttJ*ia8S7 7*>6©W 
#4^8 Ott, Ui^J h7>yx^Q3 9, Q4 0(C«fe 
3ft, Ctl6©h7>^^Q39, Q4 O^Sfrft^t!- 
Z>tc&><D V 7>yx^Q3 7 (C«, ^m®©l5^©7c 
&©>W s>?->y[H|g88 lsiii7-(>8 2^ltiM3 

fts. x-r y ^>y[5i8g8 n*. h7>^$Q4ii 

ig£xR7 3 ££^t?„ iM^^2 5©ft^4*7«fr 5 
£^{C. 5-Y>8 2^1/t^-f ^5 L >^h5>^X^ 
so Q4 i{c^±m^»a-r-5C£ic«J:or h7>yx^ 



19 

Q3 7*mm2nz>o cnic<fc-5rm^[5iss7 7©ts 

[0 07 6] C©I2 0©»t ^^T>7*<DtH^gp 
ffiZm&T ■S^miSSS© h ^ > >>X £ Q 3 7 £fl-S& J: 

£*©"C. C©*§£. h7>yx^Q4 1^gPJ:Dt 10 

0. h7>^*Q4 l©3U^df*BE»«SGND U 

^lfittVcc-GNDH4Stn:R7 

Lfcfflitt*. CCTjfflKR7 1 4R7 2*B?a©»5e 

{CT&e4tC<fc«3 h^>^X£Q3 7©"<-X • 15 ? 

cc-c, h^>^x£©^-xmifc£gy&L,r<,>& 

£^F7>yx$Q3 6iQ3 70SStb^I (Q3 20 
7) >I (Q36) iUfc<i. h7>yxifQ37 

7 tt-ttw&af-^y > ^*«sR-r -siais-r* 4. 

[0 07 7] 
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